ABSTRACT A large fraction of the genome of the lepidopteran Antheraea pernyi consists of interspersed single-copy sequences and repetitive DNA sequences of 300 nucleotide average length. Most of the single-copy sequences are about 800 nucleotides long and a minority are considerably longer. Thus, the organization of the DNA sequences of this insect is similar to that of most higher organisms and different from that of Drosophila.
Recent studies have shown that repetitive and nonrepetitive sequences are extensively interspersed in the genomes of several eukaryotes. Studies of this kind have been reported for calf (1) , rat (2) , Xenopus (3), sea urchin (4), Aplysia, a mollusc (5), a slime mold (6) , and six other invertebrate species from diverse phylogenetic groups (7, 8) . It was shown that in these organisms the major fraction of the DNA is organized in a pattern described first in detail for Xenopus DNA ("Xenopus pattern"). This pattern of DNA sequence organization has the following characteristics: (a) the majority of the repetitive sequences are short (with an average length of 300 nucleotides), and these alternate with single-copy sequences; (b) the majority of the single-copy sequences extend for less than about 1500 nucleotides before terminating in repetitive sequence elements; (c) a fraction of the single-copy sequences are longer, up to several thousand nucleotides in length, but are also interspersed with repetitive sequences.
A strikingly different pattern of DNA sequence organization has been found in two insects, Drosophila melanogaster, a dipteran (9, 10) and in the honeybee, a hymenopteran (Crain, Davidson, and Britten, in preparation). The Drosophda genome contains few short repetitive sequences interspersed with single copy regions (9, 10) . The electron micrographic studies of Manning, Schmid and Davidson (9) indicate that the repetitive sequence regions range from a few hundred to more than 10,000 nucleotides in length, Manning et al. were unable to measure the length of the single-copy sequences, but they estimated that there were about 2800 repetitive regions which would have an average spacing of 30,000 nucleotides of single-copy DNA if they were generally distributed throughout the DNA. Recent measurements (Finnegan, Rubin, and Hogness, personal communication) with cloned Drosophila DNA sequences show that in some cases a small fraction of a repetitive region has a sequence in common with a small fraction of another region. This suggests that there is another level of sequence organization of the repeated sequences still to be revealed..
The widespread occurrence of the "Xenopus pattern" of DNA organization (7, 8) Fragmentation of DNA. DNA fragments of desired lengths were generated by shearing in a Virtis 60 K homogenizer (14) or were selected from sheared DNA fractionated in preparative alkaline sucrose gradients. Single-stranded DNA lengths were determined by sedimentation in isokinetic alkaline sucrose gradients (15) as described previously (5, 7) .
RESULTS
Reassociation Kinetics of 250 Nucleotide DNA Fragments. The reassociation kinetics of 250 nucleotide long DNA fragments are shown in Fig. 1 . Because of the wide range of kinetic components it was necessary to determine independently the rate of single-copy DNA reassociation. The open triangles show measurements of the reassociation of single-copy tracer with an excess of total 250 nucleotide long DNA driver. The least squares solution for a single second order component for these data gives a rate constant of 1.05 X 10-3 M-1 sec-1. This is the rate constant expected for the genome size of 1 pg, which was estimated in preliminary experiments by measuring photometrically the amount of DNA in Feulgen stained nuclei of testis squashes, with Drosophila testis squashes as standard, and also by measuring the DNA content of counted sperm samples by diphenylamine. The circles in Fig. la show the reassociation of 250 nucleotide long fragments of total Antheraea pernyi DNA and the solid line drawn through them is the least squares solution for three second order components assuming only that the rate of the single-copy component is 1.05 X 10-3 M-1 sec1. The reassociation of these three individual components is portrayed by the dashed lines in Fig. la It is immediately clear that the long DNA fragments reassociate very rapidly with the short driver fragments. For example, the fraction of the 2200 nucleotide fragments which have not reassociated with short fragments by Cot 10 is only * of the corresponding value for 250 nucleotide fragments themselves. The rapid reaction cannot be accounted for by the effect of length on the reassociation rate (16) and is indicative of DNA sequence interspersion (3, 4) .
The apparent reassociation constants for the slow and fast repetitive components of our solution for the 2200 nucleotide fragments are in reasonable agreement with the corresponding values at 250 nucleotides. The rate constants for both components are somewhat greater for the 2200 nucleotide fragments. (Fig. 2) . Approximately 75% (18% of the starting DNA) eluted almost coincidentally with a 300 nucleotide marker. The single strand length was shown by subsequent alkaline sucrose gradient centrifugation to be about 230 nucleotides. The remainder of the SI nuclease resistant material (6% of the starting DNA) was excluded from the agarose column; it was polydispersed in alkaline sucrose gradients, and varied from a few hundred to a few thousand nucleotides in single strand length. Fig. 3 and Table 2 show spectrophotometric melting measurements on fractions obtained in the chromatograph of Fig.  2 . The tm of the long duplex fraction, 33, is actually slightly higher than that of native DNA indicating the presence of long repetitive sequences relatively high in GC content. The tm of the short duplexes in about 74°. About 30 reduction in tm is expected to result from the short length of these fragments. Thus, we estimate a reduction in tm of about 70 due to mis- match. It follows that the short interspersed repeated sequences show greater evolutionary divergence than do the long repeated sequences. A similar result has been observed for all of the other species that have been examined in this way, including sea urchin (Britten et al., submitted for publication), Xenopus (11, 17) , calf (Britten, unpublished data ), Spisula (7), and sea hare (Angerer and Britten, unpublished data).
The fraction of the DNA which is resistant to S1 nuclease under these conditions (24%) permits an estimate of the actual fraction of the DNA which is in repetitive sequences. Approximately 10% of the Sl-resistant material might be single strand tails, as suggested by the reduced hyperchromicity (see Table 2 ). Therefore, the repetitive sequences reassociated at Cot 10 are approximately 22% of the total DNA. At Cot 10 the fast fraction would have been completely reassociated while the slow fraction would only be about 25% reassociated (Table  1) . Therefore, the maximum amount of slow repeated DNA in the nuclease resistant fraction is one-fourth of 30% or about 8% of the genome. The fast and very fast fractions are completely reassociated at Cot 10 and correspond to about 14% of the genome. chromatography. At Cot 20 the fast fraction is completely reassociated and the single-copy fraction is not reassociated. The slow fraction is partially reassociated. Thus, the HAP binding of the tracer fragments is due principally to the reassociation of the fast fraction with some contribution from the slow sequences and none from the single-cdpy sequences. As a result of interspersion of different sequence classes with each other the length of the single stranded regions linked to the reassociated sequences increases with fragment length. Fig. 4 shows our best estimate of R, the fraction of fragments which contain repeated sequences as a function of tracer fragment length (3, 4) . For this estimate a correction for the increase in binding at Cot 5 X 10-4 due to foldback and very fast repeated sequences (3, 4) was made using the formula R = F -Z/1 -Z, where F is the fraction of tracer fragment bound to HAP at Cot 20 and Z is the fraction of fragments bound at Cot 5 X 10-4.
The solid line of Fig. 4 represents the least squares solution of these measurements by the method described by Graham et al. (4) . This curve extrapolates to 14% for very short fragment lengths. This is surely too low an estimate of the total amount of repetitive sequences reassociated by Cot 20. The solution is obviously affected by scatter in the data at short fragment lengths. Many other solutions are possible and the differences between them are unimportant in their effect on the interpretation of the major features of the curve in Fig. 4 . All solutions show a strong decrease in slope at about 800 nucleotides and a relatively small slope at long fragment lengths. The interpretation of such "R" curves previously described (3, 4) 10. The length and melting characteristics of SI puclease-resistant duplexes show a striking similarity to those for many other species. The short repetitive sequence duplexes account for about % of the total enzyme-resistant repetitive DNAat Cot 10, and have a mode length between 200 and 300 nucleotides. About 25% of the Sl-resistant duplexes (6% of the genome) are excluded from agarose A-50 and many of these are reassoclktion products from longer repetitive regions in the genome. They appear to be polydispersed in alkaline sucrose sedimentation measurements and little can yet be said about their actual sequence organization. The measurements shown in Fig. 4 of the fraction of fragments which contain repeated sequences as a function of length show that the sequence organization of A. pernyi is similar to that of Xenopus lees. A very large fraction of the single-copy DNA is interspersed with repetitive sequences. The possibility exists that the slow, fast, and singlecopy sequences are all interspersed with each other and this prevents a direct conclusion from the "R" curve measurements of the length of the single-copy sequences. However it is clear that most of the fast repetitive sequences are short (200-300 nucleotides) and spaced by about 800 nucleotides, partially if not exclusively with single-copy DNA sequences.
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In conclusion, we have shown that the A. pernyi genome is organiied in a pattprn quantitatively similar to the patterns of DNA sequence organization in Xenopus laet*s, Strongylocentrotus purpurafus, and Apiysia aliforyc. Thereforej the widespread "Xen6pus pattern" occurs even among insects. After this study was completed we showed that the "Xenopus pattern" also occurs in another insect, Musca doinestica, a dipteran (Crain et al.; in preparation). The "Drosophila pattern" thus seems exceptional, as it has been observed only in two insects, the honeybeesand Drosophila itself (9, 1Q). The functiorjal and evolutionary implications of this unusual sequence organization are yet unclear. The pattern of sequence organization revealed by these studies in, the genome ol A. prnyi, the first lepidopteran to be studied, is of very general occurrence throughout the animal kingdom as well as in some plants. We attribute the general occurrence and evolutionary conservatism of this pattern to some, as yet unknown, crucial function in the
